The content of total flavonoids and total phenolic acids in the aerial parts of thirty Hypericum taxa collected over two consecutive seasons was investigated by spectrophotometric methods. All taxa examined contained flavonoids and phenolic acids in different quantities, although the differences between species and year's harvest were not found to be significant. The quantity of total flavonoids ranged from 0.1 to 1.6%. The highest content of flavonoids was found in the samples of H. japonicum (1.6%) and H. perforatum (1.5%), while the samples of H. androsaemum and H. balearicum comprised the lowest flavonoid amount (0.13%). The content of total phenolic acids in the investigated samples was found to be between 1.1-10.4%. The samples of H. perforatum were found to contain the highest quantity of phenolic acids (10.4% and 10.2%), whereas the sample of H. linarifolium showed the lowest amount of phenolic acids (1.1%).
The products of secondary metabolism are not of essential importance for plants, but are often the result of adaptation to biotic and abiotic environmental factors. Phenolics are one of the most ubiquitous groups of plant secondary metabolites which play an important role in processes such as plant stress tolerance, growth, reproduction, resistance to pathogens and pigmentation 1. From a human point of view, phenolics are important because of a wide range of biochemical and pharmacological effects, including antiinflammatory, anti-bacterial, anti-fungal, anti-oxidant and anticarcinogenic properties 2a-2d.
The pattern of secondary metabolites in a given plant is complex and changes from a tissue to an organ, and may be influenced by different developmental stages or ecological factors 3. Differences can be seen between individuals and populations. Therefore, data regarding annual variations of important metabolites in one population are of great interest for collectors and cultivators of medicinal plants. Although H. perforatum is well known and widely used as a herbal medicine 4a, many species of Hypericum have also shown notable medicinal potential. Moreover, in many Hypericum taxa compounds of pharmacological interest have been qualitatively or quantitatively determined 4b-4e. Nowadays, the enhanced cytotoxic effects determined in many Hypericum species have suggested strong anticancer properties 4f-4i. Furthermore, two related taxa, H. perforatum and H. maculatum 5a-5c, exhibit a similar chemical profile 5d. For all of these potential medicinal species, a stable content of pharmacologically active secondary metabolites, including phenolics, are rather important. In this study we have measured the content of total flavonoids and total phenolic acids in 30 Hypericum taxa populations, cultivated under the same conditions and collected at the same period of vegetation through two consecutive years (Table 1 ). The main scope of this research is to check the stability of the phenolic production in the population growing under garden conditions. Also, to the authors' knowledge, there are no published reports of the content of total flavonoids and total phenolic acids in the majority of the analyzed taxa in the native or cultivated samples. Only data regarding the total phenol content, calculated as pyrocatechol equivalents, are available for some Hypericum species growing in Turkey 5d, or the total phenol content determined as gallic acid equivalents in the context of possible antioxidant activity 5e-5h.
All investigated Hypericum taxa contained flavonoids and phenolic acids in different quantities, but the phenolic acid contents were found to be at least two times greater than those of the flavonoids. An exception was H. linarifolium, which was poor in phenolic acids. The quantity of total flavonoids of the investigated taxa (Table 1 ) ranged from 0.1 to 1.6%. The highest content of flavonoids was found in the samples of H. japonicum (1.6%) and H. perforatum (1.5%), while the samples of H. androsaemum and H. balearicum contained the lowest amount of flavonoids (0.1%). The content of total phenolic acids in the investigated samples was found to be 1.1-10.4%. H. perforatum contained the highest quantity of phenolic acids (10.4% and 10.2%), whereas H. linarifolium collected in 2011 had the lowest (1.1%).
The highest average content of both flavonoids and phenolic acids was, as expected, found in H. perforatum, which is well known and widely used as a herbal medicine. The following taxa were also rich in flavonoids and phenolic acids when compared with H. perforatum: H. hookerianum, H. kouytchense, H. oblongifolium, H. japonicum and H. pseudohenryi. H. oblongifolium was found to have the most similar phenolic acid to flavonoid ratio to that of H. perforatum, which was approximately 7:1, while H. hookerianum was the most similar to H. perforatum when considering the content of both flavonoids and phenolic acids, due to its high phenolic acid content. As the content of hypericin (0.13%, w/w 5i) is also comparable with that in H. perforatum, H. hookerianum might show the same pharmacological effects (for example antidepressant, antiviral) and be used for medicinal treatment in the same way as H. perforatum. Nevertheless, more detailed analyses are needed to confirm its medicinal use.
No significant difference was observed between the harvesting years in spite of the slight weather condition differences recorded between the two sampling years ( indicative that temperature is an important environmental factor which influences and, therefore, optimizes secondary metabolite production in Hypericum 6a, 6b, a temperature shift of approximately 2C from average values, in combination with enough water, was confirmed not to influence total phenolic production. Our results are also in agreement with the conclusions of several other investigations, in which no significant correlation of environmental conditions and secondary metabolite production in Hypericum was found 6c, 6d
Obviously, all of these taxa, although native in different regions of the world (Table 1) , could give stable phenolic productions under garden growth conditions. Such data are of great interest for cultivators of such medicinal species.
Experimental
Plant material: Investigations involved 30 Hypericum taxa (Table  1) . The plants were cultivated in the Pharmaceutical Botanical Garden "Fran Kušan" of the Faculty of Pharmacy and Biochemistry, University of Zagreb. Voucher specimens are deposited in the Herbarium of the Department of Pharmaceutical Botany. The shoots with fully opened flowers were collected in June or July 2011 and 2012 and were dried at room temperature. The dried materials were assayed for flavonoids and phenolic acids.
Determination of total flavonoids and total phenolic acids:
The content of flavonoids and phenolic acids in the plant samples was determined by official Eur. Ph. methods 7a. After acid hydrolysis (with 25% HCl in acetone for 30 min at 100°C), the liberated flavonoid aglycones form a complex with aluminum chloride in a MeOH-ethyl acetate-acetic acid medium, which is determined spectrometrically at 425 nm 7b. Total phenolic acid content was determined by measuring the absorbance of the complex formed between phenolic acids and sodium nitrite -sodium molybdate at 505 nm 7c. The measurements were carried out using a Varian Cary 50 Bio spectrophotometer (Varian Inc., USA). The content of flavonoids and phenolic acids was evaluated using 3 independent analyses and data were expressed as means ± SD. The statistical analysis was performed using the Microsoft Office Excel 2003 (Microsoft Corporation) program.
